Laying workers of Apis mellifera capensis E SCHOLTZ producing impatemate offspring are normal diploids with 2n = 32 chromosomes. During the first maturation division, chromosome pairing, synapsis, chiasmata and diakinesis were observed. Thus a reduction division occurs resulting in a haploid set of 16 chromosomes.
INTRODUCTION
In the honeybee (A.m.) fertilized eggs develop into diploid females or &mdash; in case of close inbreeding &mdash; into diploid males (zygogenesis), and without fertilization into haploid males (generative or haploid parthenogenesis).
Several research workers, however, have reported the unusual occurence of impaternate females among the male progeny of virgin queens and laying workers (ONIONS, 1912 (ONIONS, , 1914 M ACKENSEN , 1943 ; G UBIN and K HALIFMAN , 1951;  T RYASKO , 1969 T RYASKO , , 1975 .
The most interesting case is the Cape honeybee (A.m. capensis), where laying worker bees produce nearly exclusively female larvae from which workers and also ( * ) With a grant of the Deutsche Forschungsgemeinschaft.
queens may be reared. The workers of this race possess a developed spermatheca which is devoid of any kind of sperm cell.
Experiments by M ACKENSEN , 1943 , BUTLER, 1954 and T RYASKO , 1975 showed that impaternate females are diploid. In A.m. capensis worker bees R UTTNER ( 1977) obtained several generations without any kind of mating and suggested an automictic type of parthenogenesis. TUCKER ( 1958), using strains of three different races (ligustica, mellifera, caucasica) and a number of recessive marker genes, suggested that automictic workers are derived from the union of two haploid nuclei, formed by complete meiosis. However, cytological mechanisms were inferred from the segregation of mutant genes, since impaternate females were too scarce to insure adequate material for a microscopic examination.
The laying workers of the Cape honeybee, normally producing 100 % female progeny in sufficient number, provide an excellent genetic system to study the cytological processes The experiment was started with empty combs and the cages were examined through the glass walls for eggs every 30 minutes. The site of each egg was marked to obtain eggs of known ages. Thus it was possible to obtain a complete series of developing eggs with an accuracy of ± 15 min.
Cytological methods
The slides of eggs were prepared by the squash technique for the chromosomal studies.
Mature ovaries of the laying worker bees (from bees that laid eggs for at least one week) were dissected in 0,7 % B AKER ' S saline solution (BAKER, 1944 (Fig, 2) , the paired chramatids crossed over one another and these chromatid exchanges are called chiasm!!;a. The diakinesis (Fig. 3) Anaphase ll (Fig. 7) The spindles of the second meiotic division were contiguous and appeared approximately in line with those of the first division spindles. In this way both pairs of spindles lay parallel to the longitudinal axis of the egg in the periplasmic area towards the antero-ventral side of the egg.
The anaphase of the first maturation division could be distinguished from that of the second maturation division in several ways. For example, the periplasmic area was broader in anaphase II than in anaphase I. Anaphase II occured towards the antero-ventral side of the egg while the anaphase I occured in the anterior end of the egg and the spindle fibres in anaphase II were not as distinct and clear as in anaphase I.
Telophase II (Fig. 8a, b) In 4-to 4 1 /2-hour-old eggs, the resulting four haploid nuclei were arranged in the periplasmic area of the egg in the same manner as the anaphase II spindles. These nuclei were almost in a straight line and their position was also parallel to the longitudinal axes of the egg.
Reconstitution of the diploid nucleus
The second meiotic division resulted in the formation of 4 haploid nuclei. The one central nucleus which was larger in size than the other three, could be considered as the egg pronucleus. The egg pronucleus gave rise to the second polar nucleus which further divided but later degenerated. The first polar body of the egg pronucleus also divided into two, one fused with the egg pronucleus and the other moved towards the periphery and degenerated. Thus the zygote nucleus was formed by the fusion of the egg pronucleus and one of the descendants of the first polar body (union between two central nuclei).
The remnants of the polar bodies were observed on the periphery of the egg, while the ootid nucleus moved towards the centre.
Cleavage nuclei and somatic chromosomes
The central zygote nucleus after a brief interphase moved to the centre of the egg (Fig. 9) where it formed first cleavage spindle (Fig. 10) (Fig. 4) .
The association of homologous chromosomes at diakinesis or early metaphase I was usually due to the presence of chiasmata, which in turn were either the result of previous interchange of chromatin material or occured prior to it. This further supports the view that reduction division occurs during meiosis in A.m. capensis laying worker bees. Other invertebrate species, in which automictic parthenogenesis is the mode of reproduction, also show chiasmata during diakinesis or the prophase stage of meiotic division (T HOMSEN 1927 , SMITH 1941 , D ODDS 1939 Rtiss!ER and D E B ACH 1973).
In the present investigation, 4 haploid nuclei were formed as a result of two meiotic divisions (Fig. 8) . These 4 haploid nuclei simply occurred in the form of a chromatin mass with no surrounding cytoplasm or membrane. Three of these nuclei can be named as the polar nuclei and one, the central nucleus as the egg pronucleus. These nuclei are arranged in a row parallel to the longitudinal axis of the egg. Later, two central nuclei, i.e. the egg pronucleus and the descendant of the first polar body (second division non-sister nuclei), fuse to form the zygote nucleus, and the other two terminal nuclei degenerate. In the honeybee queen, the female egg pronucleus migrates deeper into the interior of the egg and fuses with the sperm nucleus to form the zygote nucleus. At the same time, two polar bodies near the periphery of the egg also fuse and orm the Richtungskopulationskern (RKK) which undergoes a meiotic division and eventually degenerates (P ETRUNKEWITSCH 1901 , N ACHTSHEIM 1913 . The zygotic nucleus observed in our sections (Fig. 9) (Fig. 12 B) . The second division spindles of the two secondary oocytes may then be far enough apart to form on two separate axes projecting into the egg. As a result, at metaphase II and anaphase II stages, the two nuclei 2 and 4 facing the interior of the egg would unite, while the other two, 1 and 3 towards the periphery, would degenerate (Fig. 12 B) . In this way, two central nuclei 2 and 4 from two different oocytes would unite.
In the present investigations, no rotation in the position of the spindle was observed and its orientation (parallel to the longitudinal axis of the egg) was the same both before and after oviposition (Fig. 5, 8 ). Even after the second meiotic division, two spindles were seen in the sagittal plain, parallel to the surface of the egg as they were in the first meiotic division spindle (Fig. 8, 12 C) . TUCKER (1958) explained that the two spindles after the second maturation division may lie perpendicular to the longitudinal axis of the egg but parallel to one another (Fig. 12 B) . Our cytological results showed that the second maturation spindles lie in a straight line one above the other as a result of which 4 haploid nuclei were arranged in a row parallel to the longitudinal axis of the egg (Fig. 8a, 86, 
